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INK ous 
Meet Nobelist 
JOSHUA LEDERBERG, 
the dogged 
researcher who 
discovered how 
bacteria evolve 
.and forever altered 
the way physicians 
view infection. 

ICROBES EVOLVE THROUGH SEX. I nnl That simple f a c t d l i s h e d  by Joshua - Lederberg and a fellow scientist in 
1946--explains why even antibiotics of last resort 
are no longer able to kill certain bacteria. That 
germs exchange genetic information may seem 
elementary today, but when Dr. Lederberg began 
his exjxriments it was unthinkable. Students were 
taught that a bacterium reproduced by fission, 
creating two identical cells that then divided, 
producing identical cells ad infinitum. 
This conventional wisdom was upended soon 

after the young Lederberg accepted an invitation 
to work with geneticist Edward L. Ztum at We. 
He had just finished his second year at Columbia 
University’s College of Physicians and Surgeons 
and intended to be gone just three months. As 
it turned out, he never returned. Instead, he and 
Dr. Tatum went on to prove that some strains of 



E. coli reproduce sexually and share 
genetic material when they do. 

He received a Ph.D. in microbiol- 
o n  when he was 23. At the Universi- 
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f Wisconsin at Madison, where 
e faculty had challenged his ap- 

mtment because he was Jewish, Dr. 
Lederberg and a student showed that 
a virus could transfer genetic frag- 
ments from one bacterium to another. 
In 1958, for his discoveries about 
genetic organization and recombina- 
tion in bacteria, he earned the Nobel 
Prize in medicine and physiology at 
age 33-then the youngest person in the biological 
sciences ever to receive the award. “I thought some- 
one was pulling my leg when I got a call from the 
press,” he recalls. “I didn’t want to have an 
unfounded rumor spread around, have my friends 

ngratulate me, and then have to say, ‘Oops-it was 
e!’” 
Dr. Lederberg won further honors-two 
he was one of a group of 15 scientists 
n of the Year by Time magazine-he did 

not seek out media attention. Instead, he consulted 
with government agencies on space missions, anti- 
biotic resistance, and biological weapons treaties in 
an effort to put his scientific knowledge to humane 
use, The deep sense of responsibility he felt after get- 
ting the Nobel Prize also inspired him to try to make 
science more accessible by writing weekly syndicat- 
ed newspaper columns on the subject. He chose sci- 
ence as his life’s work, he later wrote, because it was 
as “a path to knowledge of the cosmic order [and] a 
means of alleviating human suffering.” 

To this end, he continued to devote himself L u  

research. At Stanfor 
Lederberg helped cre 
programs to produce 
1978 he was appointed president of the Rockefeller 

now chairs the school’s laboratory of molecular genet- 
ics. In 1989 he received t scien- 
tific honor, the National M 

Among Dr. Lederberg’s ons to 
science has been his work on the danger posed by 
emerging pathogens, whic 
ever-evolving adversary.” Ar 
&re funding, he has said, 
&ought of as service to the poor, but the stakes are 

Newsday and author 
ue, mterviewed Dr. Lederberg about his work. 

A portralt of 
Dr. Loderbwd 

student In lS46. 
H. was the tlrat 
of three boys 
born to Rabbl 
Zwl H. md Esther 
addenbarn 
Led9-g. 
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HIPPOCRATES How long ago did we have clear 
evidence that resistance to antibiotics could be 
shared between bacteria, and what are the implica- 
tions for public health? Ip 

LEDEREERG Since 1948, when I began using Y 

:: antibiotic resistance in my genetic experiments. i 
Then, h the early 1950s, plasmids, or-hereditary 
particles that live outside the chromosomes, were 
discovered; besides the chromosomal DNA in the 
bacterium, it’s not at all unusual to find small DNA 
particles in addition to the chromosome. These are 
more readily transmitted from one cell to another. 

What we have today is the evolution of a bad 
habit on the part of bacteria. Bacteria that have 
grown up to resist antibiotics in one ecological con- 
text can confer that resistance by passing their plas- 
mids on to bacteria that are important to our health. 

HIPPOCRATES We have physicians today who 
argue that drug resistance is overstated and that 
antibiotics are still as powerful a set of tools as they 
ever were. There seems to be a phenomenon of 
denial, to some degree, in the medical community. 
LEDERBERG The doctors I see wouldn’t put it in 
quite those terms. They’d rather just keep their 
fingers crossed and hope for the best. They hope 
their own patients are not going to suffer from the 
consequences of drug resistance. That hope is dis- 
appointed more and more, and there have been 
some ghastly events occurring lately. 

The development of vancomycin-resistant entero- 
cocci is a serious problem of hospital-based infec- 
tions throughout New York City. We don’t have any 
antibiotics to back up vancomycin; it’s an antibiotic 
of last resort. If staphylococci acquire a vancomycin 
resistance, it will lead to a much more prevalent, 
much graver set of infections. Unless the drug indus- 
try gets busy and hurries up to fill the pipeline, we 
just won’t have antibiotics appropriate for those indi- 
cati6ns. It will bring us right back to the 1930s, 
before we had antibiotics. 

HIPPOCRATES How terribly ironic. In the early 2 
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1960s there was a sense of extraordinary optimism 
in this country that we had conquered infectious 

being rendered less and less useful. 
LEDEREERG There was a great exuberance about 
what were indeed great victories: the abolition of 
polio as a major health threat, the eradication of 

domestication of many serious infectious diseases 

diseases. At the same time, the very tools we had 
come to believe were the basis for optimism were I U 
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u smallpox as a disease throughout the globe, the 

with antibiotics. It really did look very, very good. 
But the problem was that few clinicians had an 

evolutionary perspective. They didn’t understand 
Y 

z 

that the microbial world was a rapidly moving tar- 
get and a very elusive one. Here I was right in the 
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middle of that, developing new principles of genetic f 
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plasticity for bacteria-that is, their ability to 
change. So I knew differently. I could see that world 
was going to involve a continuing struggle among 
newly evolving organisms looking for ecological 
niches and that we couldn’t relax our vigilance. 

HIPPOCRATES It seems that even as the first 
warning shots across the bow were being fired by 
you and a number of other leading scientists and 
researchers, they were largely being ignored both at 
the policy level and at the hospital level. 
LEDERBERG The shot across the bow couldn’t 
really be ignored. In fact, it wasn’t across the bow; 
it was right into the guts of the ship. It was HIV. 
When the initial outbreak of HIV was reported, few 
people were able to foresee what a pandemic the 
AIDS epidemic was going to be. That’s what it has 
proven to be, and that has really woken people up. I 
still had to fight the idea that nothing else like AIDS 
has ever happened. In some respects it is unique. But 
in others, well, I wrote an article in the mid-1980s 
called “Pandemic as a Natural Evolutionary Phe- 
nomenon,” trying to establish that there’s a never- 
ending struggle between man and microbes. 

And at a three-day meeting of virologists [at the 
Rockefeller University in 19881 there were guys 
who studied viruses in dolphins or in dogs, who 
studied things like influenza and retroviruses like 
the ones that cause AIDS. All had seen looming 
problems [in their own specialties] but they’d never 
realized that the kinds of new diseases they were 
seeing in their niches were what everybody else was 
seeing as well. The mood went from “Gee, I don’t 
know .vt./ we’re all here, but it’s kind of fun to meet 
everybody” to “Whoa, we’re all getting kind of 
nervous. We’re getting collectively worried. And 
even”-I remember-“a little scared.” Next there 
was an Institute of Medicine study that covered 
much the same data. And again there was a una- 
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nimity that we had been sleeping at 
the switch when it came to the recog- 
nition of the emergence of disease. 

UlPPr -]ATp- The threat being 
what? 
LEDERBBRB The threat may be of 
outbreakq it may be of limited or less 
limited duration. People remind us 
that the developing world has always 
been living in a sea of infection. Half 
the mortality of the world‘s popula- 
tion has come from communicable 
disease. The fifth of the world that 

lives in relative affluence is the exception in that 
regard. Part of the general myopia is that people are 
only looking for developments in their own country 
and not looking at other continents to see the seri- 
ous epidemics that continue to rage, 

HIPPOCRATES There will still be physicians who 
say, “What are you talking about? Yau’re exagger- 
ating, you’re sensationalking. I sti l l  have most of my 
patients en+ up in the cardiology ward. 

edly correct. Infectious disease right now accounts 
for 10 percent of the mortality’ maybe 15 percent 
of the morbidity. The point of concern within the 
United States and economically advanced countries 
is the possibility of new plagues. These could be sub- 
stantial outbteaks. The one I tend to use as my mod- 
el is the 1918 influenza pandemic. It certainly took 
at least 20 million, some say 25 million, lives-half a 
million Americans, at a time when the population 
was only 40 percent of what it is today. 

That was a very real event, and there’s no reason 
in the world to believe that it’s not going to recur. 
The evolutionary phenomenon, the rescrambling of 
influenza genes that generates strains like that, is in 
fact happening all the time. Our present modes of 
vaccine development are just not going to be nimble 
enough to keep up with the spread of a new influ- 
enza in a day of instantaneous travel. 

It’s almost an exaggeration to say that it takes 36 
hours to get from any point of the globe to any oth- 
er point. For all reasonable purposes, it’s 12 to 14 
hours. That’s a very, very short period of time. It’s 
much shorter than the incubation period of most 
diseases, and we can be quite certain that the next 
flu pandemic is going to spread far more rapidly 
than previous ones did simply because of this totally 
indiscriminate travel. 

We could improve our vaccine development capa- 
bility. There is an effort going on right now at the 
National Institutes of Health that’s beginning to 
take the first step to do that. It’s far from consum- 
mated. If we relied on our current procedures, we 
could-with very great lucl-produce a new vaccine 
in six months. The standard interval is about nine 

tBDBRBBRG In this country, yes, that’s undoubt- 
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“BUGS ARE LIVING IN A 
WORLD IN WHiCH WE’VE BEEN 
DEVELOPING IMM 
THEM, AND SOME 
SMART ENOUGH TO DEVELOP 
COUNTERMEASURES.” 
months between the time a strain of virus is recog- 
nized and the time a vaccine is really available for 
distribution on a large scale. - 

HIPPOCRATES In addition to turnaround time, 
isn’t there an issue with the quantity of vaccine we 
could produce? 
LEDBRBBRO Even in the best-case scenarios, with 
respect to providing a vaccine to the United States, 
it wouldn’t begin to cover world needs. But there’s 
not even that much optimism about keeping up 
with the potential need in the United States using 
current methods. 

HIPPOCRATE8 I think most people assume that 
we can make a vaccine against any disease. Certain- 
ly we did for polio and smallpox. And yet here we 
are 15 years into the AIDS epidemic, and we don’t 
have a vaccine against HIV. We don’t have a vaccine 
against malaria or even an effective one against 
tuberculosis. Why is it so hard to come up with the 
vaccine-prevention solution for these microbes? 
LEDBRBBRO The short answer is evolution. Bugs 
have been living in a world in which we have been 
devebping immunity to them, and some of them 
have been smart enough to evolve their own counter- 
measures. There’s no guarantee that our immune 
mechanism will always be capable of coping with 
any highly evolved microbial threat. 

You mentioned malaria, tuberculosis, and HIV. 
These are all characteristically very chronic diseases. 
They go on for many, many years. Antibodies obvi- 
ously develop in their affected host and do not great- 
ly influence the outcome of the disease. 

HIPPOCRATES So the immune system is fighting; 
it’s just not winning? 
LBDERBERQ It does not have all that it takes. The 
bugs have evolved their own countermeasures. 

HIPPOCRATBS What was your view of evolution 
before you looked through a microscope and saw 
two bacteria exchanging genetic material? 
LEDBREBRO Whoa. Big question. First of all, I’m 
not sure that we’ve ever had good microscopic views 
of the making of bacteria. The evidence for genetic 

exchange is gcnctic and biochemlca, and it is e8~eh- 
tially indirect evidence. We still dun‘t have good 
figures of exactly what happens when you have a 
mating pair. You can see the pairs mating, but it’s 
very, very hard to a l l  cxactly how the DNA is get- 
ting from one cell to another. 
Until 1946 there was a fixed con8etlsus that bac- 

teria were purely donal. In fact, the class name for 
b a c t d  is Schizomycdtcss: fission fungi. That bactc- 
riahividc by fission was amyth that had been pro- 
mulgated since the latcsr pur of the 17th century, 
whsn [ h n i e  van] W o c k  first saw bacteria 
under a microscope. 

[ B u t ~ c ~ i n a r i o n i n ~ ] ~ o n c  
see that bacteria are really not that different from 
other types d organisms, and that they indulge in 
the kind of mdcsthatothQ o@ms haw for the 
acceleration of evolution. 

#IPPSIRATEI What you showed was that two 
bactuicmactuaHyaxnctog&cr and merge their 
cytoplasm, the inner part 6f the barnria. And then 
some of the DNA can gofrom me bacterium to the 
other, mixing their gmetic materid? 
t B D I R I E A B  M&sg is the appropriate term. If 
youhave m a t h t g ~ n t w o i d C n t i c a l i n M s ,  
it has no gmttic cxmcquem. If you have mating 
between in&vi&& who dready differ, it can gen- 
erate an enormous mount of [variation] by the 
resmm&q &the new factors each of them bring 
to the table. 

llIFP0OMTES Haw real is the threat that some- 
thing will come along, such as the Ebola virus, that 
could prodaae wickspread death even in the wealthy 
partsoftheworid? 
LBDBRE8RQ I’d go back to the 1918 flu epidemic 
as an example because it actually happened. And 
framthe point of view of papulation density and the 

ople for travel, things have gotten 
rse [another pandemic] is going to 

n. How well prepared are we? I’ve mentioned 
re are remediation steps going on. Maybe 
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we II De able to do a [slightly] better 
job this time in sustaining people who 
develop severe pneumonia with the 
supportive therapy they might need. 
But our hospitals will be absolutely 
swamped. Just on that bash, we won’t 
be able to keep up. 

It’s a very real and very Serovrs h- 
ing threat. It’s one that’s shared by 
everyone throughout the world. The 
key steps [to allow] improvement in 

. vaccine are being contemplated, but 
they‘re not being adequately funded. 
They‘re lost in the noise about what we’re going to 
be spending on health care. We’re struggling to get 
o c n ~  af millions of dollars to deal with these public 
health issues. Therc is a great hoopla when there’s a 
Wtmibn appropriation to the Centers for Disease 
Control and Prevention to improve its emerging 
infection program. That’s $40 million out of a 
Wth budget in the hundreds of billions. 

illg vaixilm d v e d ?  rltrr,oysw. about. 

LEDEIBERG I am very 
but I’m not sure that it changes the basic structu 
of the problem. Most of the nonmilitary responses 
that we require for deahg with a 
terrorist attack would be exactly t 
natural outbreak. So I don’t see any gzaat need to 
highlight the sensational aspects of bioterrorism. 
Nimtbbad guys, of cause, &e that lesson per- 
fectly plain. After what happened on the Tokyo sub- 
way system in 1995 [when members of the Aum 
Shinrikyo cult several times released sarin, a fatal 
nerve gas], it’s perfectly obvious that there are no 
bounds to what some people on the earth might be 

I’m glad the Defense Department is paying close 

stockpiles of anthrax and other biological weap- 
ons in Iraq has le€t it unmistakable that there are 

that are involved, in one way or another, 
iaal warfare development. It is a matter 
ational security system does have to be 

attention to those issues. The discovery of huge 

states still willing to put large resources into these’ 
weapons. There’s a list of almost a dozen other 
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willing to do. 
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WEPIPOGRATES Haw has the science behind mak- . Uuowhb brlh 

LEDEREERG Our basic technology of vaccine 
development has hardly changed in 40 years. It’s 
rrctually empirical. You look for either attenuated 
stmins4.auis Pasteur was doing that a hundred 
y c v ~  ego-or you chemically [break down] the bac- 
*ria as with the split vaccine for proteases or vi- 
ruses, which some of the flu vaccines are. 

i But that basic technology is 40 years old. We have 
kmd alot about cellular immunology since then. 
Aimost none of that knowledge is used in today’s 
vaccine development. And if we could improve our 
basic scientific foundation in vaccinology, we might 
even be able to go after the really tough nuts like 
malaria and tuberculosis. 

HIPPOCRATp The public would like the govern- 
ment to do wllcthing about microbial outbreaks, 
but there’s an odd dissonance between the govern- 
menr and the tenor of public and scientific concern. 
What’s your read on this? 
LEDERBERG One of the dif6culties we face in try- 
ing to improve our public health is that we’re asking 
for so little. There’s no pork in it. Tens of millions is 
not really enough to excite attention when we’re 

UIPPOCRATES You grew up in New York City and 
wwe a product of the public school system there. 

‘ LEDERBERG Very much so, at a time when it was 

focused on math and sci- 

which was an hour’s trip to Stuyvesant. 

HIPPOCRATES You were committed to science at 
a young age. 
LEDERBER6 I’ve been committed to science ever 
since I can remember. I have no way to account for 
that. I came from a religious family, and my father 
was an Orthodox rabbi. There’s a tradition of learn- 
ing and of scholarship on both sides of my family 
that might be in some way responsible for how I was 
oriented. I’ve always taken science as almost a reli- 
giow impulse to try to understand the world that 
I was living in. It’s an important human drive, and 

. 

talking about billions in other spheres. it’s one that has pushed me all of my life. H 

BIPPOCRATES There’s a surprising sector of the 
policy world that has become excited and concerned 
about newly emerging diseases. That’s the national 
security area: the Department of Defense, the Cen- 
tral Intelligence Agency, the White House. They 
seem to be saying, “We can’t tell the difference 
between a naturally emerging new disease threat 
to the United States and one that’s created by bio- 
terrorists.” How real is the threat? 
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